Abstract. Firstly, this paper analyzes the main factors affecting the benefit distribution of the dairy-product supply chain, and establishes the model of dairy-product supply chain benefit distribution based on game theory, and analyzes Nash's negotiation Solution under the condition of asymmetry. Then, this paper researches Shapley value method based on risk factors, and use this method to analyze the final scheme of the model of benefit distribution. Finally, an empirical analysis is carried out. The numerical example shows that this method is effective and efficient. And the solution obtained by this model can improve the enthusiasm of dairy enterprises or consumers to participate in the supply chain trust cooperation.
Introduction
The main purpose of dairy products enterprises and consumers to participate in the supply chain cooperation is to obtain the maximum benefit. Whether the distribution of benefits is reasonable or not will directly affect the trust mechanism in dairy-product supply chain, and ultimately affect the efficiency and stability of the supply chain. Therefore, to establish a reasonable benefit distribution mechanism is one of the key issues in the dairy-product supply chain cooperation.
At present, the existing researches on the benefit distribution of product supply chain at home and abroad were carried on mostly from the following aspects: research on the profit distribution mechanism of virtual enterprise; research on the profit distribution of product supply chain based on non-cooperative game model; research on profit distribution of supply chain based on information economics model; research on profit distribution of supply chain based on cooperative game theory, etc. Although the existing researches has made great progress, there are still some shortcomings. Most of the existing literature tried to solve the problem from the "rational" point of view, i.e., they thought enterprises were rational, and were willing to pursue the maximum benefits of the whole supply chain based on the overall interests, while the effect of risk and other factors on the benefit distribution was not considered. In fact, enterprises are hoping to maximize their own interests. Therefore, this paper attempts to solve the benefit distribution problem of dairy-product supply chain members through Nash's negotiation based on game theory, and optimize the distribution scheme by method of Shapley value method involving risk factors, until the realization of the entire dairy-product supply chain benefits maximization.
Factors Affecting the Benefit Distribution of Dairy-product Supply Chain Members Statuses of Dairy-product Producers, Suppliers, Sellers and Consumers in Supply Chain
In dairy-product supply chain, the producers are in the core position, and their leadership are the strongest. But they also need to take more responsibility and risk, so they will have a relatively high share of the distribution of benefits. Other companies and consumers need to rely on dairy producers to participate in the operation of the supply chain. In a certain degree, they are subject to producers, so they will get a smaller share of the benefits.
Resources of Dairy-product Producers, Suppliers, Sellers and Consumers in Supply Chain
Dairy-product supply chain needs tangible resources, such as the production of funds, equipment, dairy cows, human resources, warehousing, transportation, consumption and auxiliary materials, etc. And intangible resources, such as related technologies and knowledge, relevant business channels, market information or resources, corporate brands and so on. In addition, when the market changes rapidly, it is necessary to carry out emergency resource allocation. At this time, a certain amount of distribution given to the member that is able to take on this additional contribution should be considered.
The Risks of Dairy-product Producers, Suppliers, Sellers and Consumers in Supply Chain
The main risks of dairy-product supply chain include: the risk in the process of dairy production and processing, sales and distribution, the risk of internal information sharing in supply chain, the risk that members of dairy supply chain may betray. Risks and benefits are coexisting. The supply chain members will request different benefit distribution ratio based on the risks their take. The greater the risk, the greater the benefit will be obtained at last.
The Game Theory Model of the Benefit Distribution of Dairy-products Supply Chain Members
The Game Model of Benefit Distribution in Dairy-product Supply Chain
In this paper, cooperative game theory is used to study the distribution of the benefits of dairy supply chain members.
Dairy-product Supply Chain. Assume that
is a set of dairy enterprises or consumers, then any non-empty subset S ε ⊂ is a dairy-product supply chain. Each dairy-product supply chain should include at least one supplier, one producer, one retailer, and one consumer, i.e., 
. This indicates that the final distribution scheme should be optimal, which is superior to the other schemes.
Benefit Distribution of Dairy-product Supply Chain Based on Nash's Negotiation Theory Under Symmetric Condition
The set of all the distribution schemes that can be obtained through negotiation is called feasible set. Feasible set is denoted by K . The set of conflict point that the distribution schemes cannot be reached is denoted by c . The Nash's negotiation of dairy-product supply chain need to satisfy the following conditions. Condition 1: if all members in the supply chain are rational, then the final benefit of each member will be greater than the benefit gained at the conflict point, i.e., if i a is the final benefit, then , and make the value of ( )( 
Benefit Distribution of Dairy-product Supply Chain Based on Nash's Negotiation Theory Under Asymmetric Condition
Assume that the ( 4) n n ≥ members of the supply chain put forward their own expectations of the distribution schemes, then the distribution matrix is shown below:
u represents the benefit ratio assigned to the member j by the member i , 0 u 1 , , , n U u u u
is the maximum benefit distribution ratio that each member wants to get. Obviously, 
To solve the above linear programming we can obtain the optimal discount coefficient:
Finally the final benefit distribution ratio can be calculated:
Benefit Distribution of Dairy-product Supply Chain Based on Shapley Value Method Involving Risk Factors
First, we introduce the concepts of supply chain bearing and substitution operation. is set up, then G is the bearing of the dairy-product supply chain cooperative game. In other words, any dairy-product enterprises or consumers except G will not produce any benefit for any dairy-product enterprises or consumers. 
Dairy-product Supply Chain Bearing: ( )
The above three conditions meet the requirements of Pareto optimality, symmetry and additive respectively. They are also the constraints of the game and determine the unique solution of the game. The unique solution is:
In Eq. 9, S represents the total number of members in the dairy-product supply chain; ( ) ( )
depends on S , it can be understood as the probability of different forms of
represents the contribution of member i to dairy-products supply chain, i.e., the increase in supply chain benefits due to the addition of member i .
Shapley value method benefit distribution method is based on the contribution of members to supply chain. But it doesn't take into account the effect of risk factors. Therefore, this study use the risk of each member to amend Shapley value method.
First, we can assume that the average risk probability of each member is 1 / I . The practical risk probability of member i is i α , 
In Eq. 10, * i a represents the amount of benefit according to the final benefit distribution scheme based on Shapley value method of considering risk factors. i a represents the basic amount of benefit calculated by using Shapley value method. ( ) W ε is the total benefit of the whole dairy-product supply chain.
Numerical Example
Assume that a dairy-product supply chain has 4 members: dairy-product supplier 1 A , dairy-product producer 2 A , dairy-product retailer 3 A and dairy-product consumer 4 A . The benefit of cooperative game is shown in Table 1 . Using Nash's negotiation theory, we can make the following nonlinear programming: . So the Nash's negotiated solution of the benefit distribution of the dairy-product supply chain is: 
Distribution Scheme Based on Nash's Negotiation Theory Under Asymmetric Condition
The weight vector is assumed to be ( ) As seen from the final results, the sum of the distribution quotas based on the Shapley value method involving risk factors is still equal to total supply chain revenue. But in the actual competition, dairy-product producer 2 A bears the greatest risk and consumer 4 A bears the smallest risk. Accordingly, benefit distribution has a certain amount of tilt. However, from the final distribution result, we can see that each dairy-product supply chain member will eventually get more benefits when they participate in the supply chain collaboration than nonparticipation. In this way, the enthusiasm of dairy-product enterprises or consumers to participate in the supply chain cooperation will be higher.
Summary
This paper uses game theory to establish the model of benefit distribution of dairy-product supply chain, and uses Nash's negotiation theory to solve the model, further analyzes the solution under symmetric condition. In addition, this paper also puts forward Shapley value method involving risk factors, and uses this method to solve and analyze the final distribution scheme, which modifies the shortcomings of the Nash's negotiation and Shapley value method. Using this method, the final distribution scheme reflects the role of risk factors in the benefit distribution of dairy-product supply chain.
